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AIRGLOW ROTATIONAL TEMPERATURE MEASUREMENTS DURING THE ALOHA CAMPAIGN
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Abstract. Two instruments sensitive to nocturnal airglow
ernissions were flown aboard the NCAR Electra aircraft during
the 1990 ALOHA campaign - a Fourier transform spectrometer
and a 1/4 meter grating spectrometer. The two instruments
were chosen to provide complementary data in the near in-
frared spectral region, the former between 6000 and 10000
corl, and the latter between ~11300 and ~11600 cm-!. Coor-
dinated measurements were acquired by both instruments of
several ro-vibrational transitions within the ground state of the
Meinel band of hydroxyl and one electronic transition of the
O, At system. Rotational temperatures were deduced from
both species, including several transitions within the Meinel
system. It is usually assumed that the mean height of the O, At
layer is several kilometers above the mean height of the OH
layer, implying a means of determining a neutral temperature
height profile, albeit coarsely. Data from two flights show an
interesting behavior: temperatures inferred from OH and O, At
emissions from the March 31, 1990, mission are equal, T(OH)
~ T(O3), within error bars during the start of the west-to-east
flight while T(OH) > T(Oj3) during the latter part of the flight.
For the March 22, 1990, mission, the dependences are re-
versed with T(OH) > T(O,) during the first part of the south-
to-north flight, and temperatures similar at the end. A compari-
son with a standard temperature profile model for April at
various latitudes indicates that the best fit is for an altitudinal
temperature profile for 30 N latitude. A lower T(O,) indicates
a high mesopause existed during the ALOHA experiment.

Introduction

Observations of airglow emissions from excited OH and O,
species have been used to study dynamical behavior in the ter-
restrial mesopause/mesosphere. Often, the literature reports
studies based upon one or the other species [ Tepley, 1985;
Hecht et al., 1987], and less frequently, studies based upon
simultaneous measurements [Noxon, 1978]. These observa-
tions have usually been obtained from a single ground based
station observing the zenith. Observations from a moving plat-
form have been fewer [Noxon, 1964]. The airglow layers re-
spond quickly to dynamical forcing and the response is most
easily seen in the wind, density, and temperature fields asso-
ciated with the emitting altitudes. Noxon, 1978, interpreted the
variations in temperature from the two emitting species ob-
served at a single site as evidence for the propagation of inter-
nal gravity waves through the mesosphere (energy upwards,
phase downwards). On occasion, he observed temperature
fluctuations approaching 100 K, with some data sets indicating
only a 20 K variance. Dual species measurements may be used
to infer mesopause location.
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The ALOHA campaign [Gardner, this issue] was designed
to measure dynamical influences in the middle atmosphere
during equinox over a large water mass. The two airglow ex-
periments flown on the NCAR Electra aircraft were chosen to
provide complementary data regarding nocturnal mesospheric
emissions. One instrument, the Michelson interferometer,
highlighted measurements of the ground state hydroxyl Meinel
transitions (X 2I1)), in particular low upper vibrational level
transitions of the Av = 2 sequence, and high upper vibrational
level transitions of the Av = 3 sequence. Rotational tempera-
tures were obtained from the (3-1) and the (8-5) transitions,
though only the former will be discussed here. The grating
spectrometer was primarily used to determine rotational tem-
peratures from the electronic transition O, (b 1Zg+ -X 3238')
At (0-1) band, though low resolution measurements of the R
branches of the OH Meinel (7-3) transition were also made.

The Michelson interferometer, an M150 model, was pur-
chased from Bomem, Inc., in Vanier, Québec. The instrument
is compact and transportable. The photodetector, an ETX
500TE, was supplied by Epitaxx, Inc., and has an InGaAs
formulation. The interferometer was mounted on a bench be-
neath a zenith-viewing window, the latter located immediately
behind the crew cabin of the Electra. During flight operations,
the light path from the window to a 45° first surface mirror to
the interferometer was baffled, and cabin lights in the fore sec-
tion of the plane were extinguished.

During a research flight, data were usually acquired as two-
sided interferograms. The interferometer proved to be sensitive
to gross altitude changes of the aircraft, resulting in substantial
shifts of the ZPD position during ascending or descending pe-
riods and subsequent loss of data. However, when the aircraft
flew at a constant altitude, the interferometer was typically
stable and recorded useful data. Individual interferograms
could be acquired with ~5 second temporal resolution. How-
ever, to improve the signal to noise ratio of the corresponding
spectra, 30 interferograms were coadded before storage.

For the analysis reported here, several interferograms were
coadded prior to transformation. The ZPD position of each of
the interferograms was located and shifted for best correlation
prior to coaddition. The resultant set of interferograms were
then truncated with a 24096 point cosine apodization function,
and then zero filled before performing a 215 point fast Fourier
transform. The resultant spectra were then corrected for two
effects: window transmission, and detector sensitivity, both
wavelength sensitive. Window transmission was measured by
observing of a weak DC white light source both with and
without the zenith window. Detector sensitivity was deter-
mined by an absolute intensity calibration, using the approach
described by Dandekar and Davis, 1973. Here, a tungsten fil-
ament lamp was used as a source (note that this lamp has been
absolutely calibrated at NIST) illuminating a Lambertian sur-
face. The distance from the lamp to the screen was accurately
measured, and the Michelson interferometer was placed in a
position where the screen overfilled the detectors field of view.
This experiment was performed prior to aircraft integration of
the interferometer. When performing the calibrations, the 45°
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front surface mirror was removed. Wavenumber precision for
all acquisitions was controlled by an internal HeNe laser, and
should be accurate to 0.01 cm1.

The grating spectrometer is fully described in Yee ez al., this
issue. The pointing geometry of this instrument matched the
Michelson interferometer's, though it was located under a dif-
ferent window. The grating spectrometer was also absolutely
calibrated in intensity with a similar source (same Lambertian
screen) as described above.

In this short report, we will present and discuss rotational
temperatures obtained by the two airglow instruments. De-
tailed interpretatioz of dynamical structure observed in the ro-
tational temperatures and airglow intensities requires a model
which accounts for aircraft motion (Doppler effect) and will
not be discussed here. This analysis will be reported late in a
more detailed publication.

Results and discussion

Two flights were chosen for discussion in this paper: the
first was a west-east flight on March 31, 1990 (Figure 1), and
the second a south-north flight on March 22, 1990 (Figure 2).
The skies were clear above the aircraft on both occasions, and
all aircraft experiments performed properly. Data were reduced
from the Michelson interferometer experiment as described
above, while grating spectrometer data were obtained as per
Yee et al., this issue.

Rotational temperatures may be obtained from airglow
emission data using two standard techniques based upon the
resolution of the final spectrum. If individual lines within a
rotation-vibration band can be recognized, then a simple tech-
nique relating individual line intensities and associated rota-
tional term values may be used [Herzberg, 1950]. However, if
the resolution of the instrument precludes the identification of
rotation-vibration lines, then a least squares fit to the band
profile may be performed [Tepley, 1985]. Both these tech-
niques were used in the present analysis, the former for
Michelson interferometer data and the latter for grating spec-
trometer data. The two experimental data sets provide an inter-
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Fig. 1. Flight path for the March 31, 1990, research flight.
The flight began at 07:47 UT with the aircraft headed west.
Turnaround occurred at 11:50 UT at lat: 18.2 N, long: 176.1
W. The flight ended at 15:37 UT. Boxes indicate location of
the aircraft at the annotated UT hour. The Hawaiian islands are
also indicated.
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Fig. 2. Flight path for the March 22, 1990, research flight.
The aircraft originated from Kahului Airport (lat: 20 N, long:
156 W). The flight began at 08:10 UT with the plane heading
south. Turnaround occurred at 11:50 UT at lat: 4.9 N, long:
156.6 W. The flight ended at 15:27 UT. Note that local time =
UT - 10 hrs. Boxes and annotation as in Figure 1.

esting check on consistency of hydroxyl rotational temperature
analysis.

Rotational temperatures and emission intensities were de-
termined from Michelson interferometer data using a slight
modification of the steps outlined by Hecht et al., 1987. Ein-
stein coefficients for various rotational transitions were ob-
tained from Mies, 1974. Partition function values were ob-
tained from Krassovsky et al., 1962, while rotational term
values came from Coxon, 1980, and Coxon and Foster, 1982.
In the study reported here, only the P(2), P4(3) and P;(4)
lines were used in the analysis of the (3-1) OH Meinel transi-
tions. The choice of which Einstein A factors to use for tem-
perature analysis will lead to slightly different values for the
final temperatures. We have adopted the Mies, 1974, coeffi-
cients, but note the following differences between three other
recent determinations: (1) Langhoff et al., 1986; (2) Turnbull
and Lowe, 1989; and (3) Nelson et al., 1990. To summarize
the differences between these three determinations for the vari-
ous transitions discussed in this paper, reference to tables
within the citations may be used, These tables indicate that
when employing (1), rotational temperatures between 3 - 6 K
lower will be obtained compared to Mies; employing (2), tem-
peratures between 1 - 4 K higher will be obtained; and
employing (3), temperatures 1 K higher will be obtained, ie.
the order would be (1) to Mies to (3) to (2), in ascending
temperature order.

The derivation of rotational temperatures from the Oy At (0-
1) band is based upon the ability to generate accurate synthetic
spectra as a function of rotational temperature. Synthetic spec-
tra may be generated using rotational constants reported by
Babcock and Herzberg, 1948. The bandpass of the grating
spectrometer also transmits high rotational P branch lines of
the OH Meinel (6-2) band as well as the R branches of the (7-
3) band. Employing all the spectral information available
amounts to performing a fit to the three bands, assuming iden-
tical temperatures for the two hydroxyl bands, as well as a
constant background source (consisting of both sky noise and
detector noise). In the initial fit, all components of the OH
Meinel (7-3) band were used. The rotational temperatures ex-
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tracted from this run gave temperatures ~30 K higher than cor-
responding temperatures obtained by the Michelson interfer-
ometer. Note that this is approximately equal to the difference
cited by Nelson et al., 1990, when comparing P branch and R
branch temperatures using the Mies set of Einstein coeffi-
cients.

Figure 3 displays a composite plot of rotational tempera-
tures for the March 31, 1990, flight. Shown are temperatures
from the O, At (0-1) band and the OH Meinel (3-1) band. Er-
ror bars for the oxygen band temperatures are typically +7 K.
Comparing O, temperatures with OH temperatures, note that
the two are similar between 08:00 UT and 11:30 UT, while the
latter is warmer between 12:00 UT and 15:00 UT.

The peak altitude of emission for any airglow feature may
be determined from rocket photometry through the layer. The
mean altitude of peak hydroxyl volume emission rate averaged
over selected rocket flights is 86.8 & 2.6 km with a thickness
of 8.6 * 3.1 km [Baker and Stair, 1988). Rocket experiments
have sometimes shown an altitudinal dependence of the vibra-
tional distribution of the ground state of hydroxyl, with low
vibrational levels peaking at lower altitudes compared to high
vibrational levels [Baker and Stair, 1988]. However, a recent
theoretical consideration [McDade, 1991] indicates that the
altitude of the peak volume emission rate should differ by no
more than one to two kilometers between high and low levels.
Rocket photometry has shown that the peak volume emission
altitude for the O, Atmospheric band occurs at 94 km [Greer et
al., 1984]. Thus, there is a definite altitudinal difference be-
tween the OH and the O, emitting species which may be indi-
cated by temperature differences.

Current models of altitudinal temperature profiles [Jursa,
1985] are shown in Figure 4. Shown are results for April at
several latitudes: 0, 15 N, and 30 N. Note that in the first two
cases, there is a very low mesopause and a positive tempera-
ture gradient with altitude above the mesopause. The 30 N
case indicates a mesopause above 90 km, though the actual
temperature minimum is not indicated in the tabulation. The
first part of the March 31, 1990, flight fits the latter model
with an average temperature ~195 K for the usually accepted
altitude of peak hydroxyl emission. However, the second half
of the flight indicates a warming in the lower hydroxyl layer
perhaps signifying a dynamic effect. The higher altitude O,
temperatures remain roughly constant throughout the duration
of the scientific flight suggesting that the altitude of the me-
sopause must lie above 90 km and that this region was not af-
fected by the warming experienced at the lower altitude. A
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Fig. 3. Rotational temperatures observed from the NCAR
Electra aircraft on March 31, 1990.
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Fig. 4. Statistical temperature models from the 1985 AFGL
Handbook. The models shown are valid for the equator, 15 N,
and 30 N for April.

similar increase in the measured hydroxyl temperature above
Haleakala for the same observing period has been reported by
Turnbull and Lowe, 1990. The more recent MSIS-90 model
[Hedin, 1991] also displays a high mesopause (~95 km) in
April for the equator as well as for 45 N.

Figure 5 summarizes the aircraft airglow temperature mea-
surements for the March 22, 1990 flight. The mesospheric
conditions during this flight were most unusual and are sum-
marized in Gardner et al., this issue. The temporal gradients of
the two emissions are inverted with the OH temperature higher
at the start of the flight than at the end, and the O, temperature
lower at lift off. Also, at the start of the flight, the temperature
in the OH layer is greater than in the O, layer, while at the end
of the flight the two are roughly the same. The static tempera-
ture models of Figure 4 do not fit the observations very well
implying that both temperatures should have peaked at the
southernmost, turnaround position of the flight assuming
constant altitudes for the two emitting species.

The temperature results of these two flights fall into two
categories: T(OH) ~ T(O,) or T(OH) > T(O3). The static
AFGL models for 0 and for 15 N imply a substantial positive
temperature gradient of roughly 16 and 10 K/10 km, respec-
tively, through the OH and the O, peak emission regions,
while the 30 N model indicates a high mesopause. The recent
MSIS-90 temperature profile also indicates a high mesopause
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Fig. 5. Rotational temperature observed from the NCAR Elec-

tra aircraft on March 22, 1990.
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during spring equinox. Interpreting the temperature data as-
suming the usually accepted altitudes for peak airglow emis-
sion implies that the mesopause must be high during the cam-
paign, and that the temperature gradient must be close to zero,
or negative with increasing altitude. The observed variations in
temperature as a function of position (latitude or longitude)
also indicate dynamical influences in the 85 to 95 km range.
Temporal variations between the start and the end of the two
flights indicate large scale modifications to the emitting re-
gions. In fact, the March 22 flight data were acquired during a
passage under a large sporadic Na layer [Gardner et al., this
issue]. Regarding the stability of the heights of the airglow
layers, there is some evidence to indicate that there may be a
latitudinal variation in height as discussed by Swenson et al.,
1989. Using limb observations, they indicated that the hy-
droxyl airglow altitude dropped by ~6 km over a latitudinal
distance of ~45 degrees, with the OH airglow tangent height at
the equator roughly equal to the O, Atmospheric tangent
height. It may be possible, then, that when T(OH) ~ T(O5) that
the airglow layers have the same altitude, but without further
information, it is impossible to distinguish the ambiguity be-
tween airglow layer motion and mesopause location. Addi-
tional studies of airglow derived temperatures are being con-
ducted for the remaining flights of the ALOHA campaign, as
well as data acquired during the AIDA '89 efforts.
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